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The inter-relationship of science and religion: a typology of engagement
Abstract
This study explores whether the religious background of students affects their opinions about, and attitudes to engaging with, scientific explanations of the origins of the universe and of life. The study took place in four English secondary schools representing three different contexts (Christian faith-based; non-faith with majority Muslim catchment; and non-faith, mixed catchment). It comprised questionnaires and focus groups with over 200 students aged 14-16, supplemented by teacher interviews. The analysis approach was informed by grounded theory and resulted in the development of an engagement typology, which has been set in the context of the cross-cultural border crossing literature. It divides students into categories depending on both the nature and amount of involvement they were prepared to have with the relationship between science and religion. The model takes into account where students sit on four dimensions. These assess whether a student’s preferred knowledge base is belief-based or fact-based; how flexible they are in terms of both tolerance of uncertainty and open-mindedness; and whether they conceptualise religion and science as being in conflict or harmony. Many Muslim students resisted engagement because of conflicting religious beliefs. Teachers did not always appreciate the extent to which this topic troubled some students who needed help to accommodate clashes between science and their religious beliefs. It is suggested that increased appreciation of the complexity represented by their students can guide a teacher towards an appropriate approach when covering potentially sensitive topics such as the theory of evolution.
Background
It is recognised that certain religious groups have worldviews that cannot be reconciled with particular scientific ideas. At a time of widespread concern about the low numbers of students choosing to study science beyond the age of 16, might one barrier be a perceived incompatibility with religious beliefs? Darwin’s theory of how life evolved through natural selection challenges aspects of various religious beliefs, including the individual creation of each species and the unique position of human beings. Students will approach the topic with a mix of religious, non-religious and anti-religious viewpoints, held with a range of degrees of certainty. If it is true, as Dobzhansky (1964) maintains, that “nothing makes sense in biology except in the light of evolution” (p. 449), failure to engage with the theory can have serious implications for potential scientists. 
There are signs that the theory of evolution, traditionally a divisive educational topic in the United States, has recently become more contentious in the United Kingdom. One factor is the rising proportion in UK schools of Muslims and evangelical Christians - groups that struggle to reconcile some scientific and religious ideas (Reiss, 2008). Another factor is that changes in government policy over recent years have permitted the sponsorship of secondary schools in England by faith groups or business people with a religious ethos. In early 2002, there was a furore when it was alleged that one of these institutions was teaching creationism (the belief that species appeared in their fully-formed state in a sudden act of “special creation”) alongside evolution in science classes (Allgaier & Holliman, 2006).
Although a considerable body of literature has grown up around this topic, it has serious limitations. Coverage is skewed towards the United States and the Christian context, and it tends to focus on teachers and college students rather than younger students (eg Ingram & Nelson, 2006; Sinatra, Southerland, McConaughy, & Demastes, 2003). Where the Muslim experience has been addressed, it is predominantly in countries where Islam is the main religion (eg Edis, 2009; Hameed, 2008) and studies of Muslim students in societies where they form a minority are rare.
Understanding and acceptance of evolutionary theory
The teaching of evolution takes place in the context of a global curricular shift towards emphasising scientific literacy and the nature of science. Evolutionary theory is widely recognised as providing an ideal illustration of various aspects of the nature of science (Cavallo & McCall, 2008; Clores & Limjap, 2006). It exemplifies how many new scientific theories struggle for and finally gain acceptance; the tentative nature of scientific knowledge; the importance of weighing the evidence; and how falsifiability and predictive power help to determine the acceptability of a theory. 
However, acceptance of evolutionary theory is far from unanimous. There is widespread debate about whether it is sufficient for students to gain knowledge and understanding of evolutionary theory or whether science teachers should be persuading them to accept it as the most convincing explanation for the origin of species (Cobern, 2004; Smith & Siegel, 2004). The majority view among educators seems to be that achieving understanding is more appropriate and much less problematic than insisting on acceptance (Anderson, 2007; Ingram & Nelson, 2006). 
Some literature advocates the explicit discussion of beliefs in the science classroom. For instance, although Cobern (1994) acknowledges that conceptual understanding should be the main goal of science education, he argues for a cultural constructivist approach where students discuss the believability of evolution before tackling understanding. For pragmatic reasons, in the view of Anderson (2007), all a teacher can realistically achieve in the classroom is to impart and test knowledge. However, because he operates in the US where the proportion of students with religious belief is high, he recognises the importance of eliciting their broader views on the issue and supporting them as they explore their understandings. Meadows, Doster and Jackson (2000) conclude that the most productive approach for teachers in the classroom is to aim for helping students to manage their personal beliefs in relation to evolution, rather than attempting to change them. 
In contrast, McKeachie, Lin, and Strayer (2002) and Lombrozo, Thanukos, and Weisberg (2008) claim that it is preferable to teach evolutionary knowledge for belief. For them, acceptance of evolution is a necessary prerequisite for gaining a sound knowledge of the theory and a thorough understanding of its processes. Consequently, it would have an adverse effect on the academic performance of those who reject it (Deniz, Donnelly, & Yilmaz, 2008; Lawson, 1983). The evidence for this, which mostly emanates from research among university students, is mixed. Studying pre-service teachers in Turkey and South Korea respectively, Deniz et al. (2008)and Ha, Haury, & Nehm (2012) found significant positive correlations between content knowledge and acceptance of evolution. Ingram and Nelson (2006) investigated a single-semester upper-level biology course and found a limited positive correlation between post-course acceptance and achievement. However, a number of other studies among biology non-majors and in high school biology classes have failed to find a link between levels of understanding and acceptance of evolution (Demastes, Settlage, & Good, 1995; Lawson & Worsnop, 1992; Sinatra et al., 2003).
Taken as a whole, these studies are unconvincing and even confusing. They do not allow any definite conclusions to be drawn about the relationship between understanding and acceptance. The variability could be related to the research population (size and nature of the sample, including the age of the students and their science knowledge); the courses undertaken (ranging from a single session to several weeks, with different degrees of focus on evolution); and the research instruments and methods used. 
Various authors (Hermann, 2008; Trani, 2004) have hypothesised a relationship between good understanding of the nature of science and greater likelihood to accept evolution. As yet, there is only limited empirical evidence to support such claims (Kim & Nehm, 2011; Lombrozo, Thanukos, & Weisberg, 2008).
Numerous studies involving evolutionary theory lend weight to the idea that learning does not take place in a cultural vacuum and religious beliefs have been shown to hamper students’ willingness to accept scientific evidence. Although the majority of these studies have been based in the US (Miller, Scott, & Okamoto, 2006; Woods & Scharmann, 2001, Trani, 2004), they have been supported by similar findings in other countries such as the Lebanon (Dagher & BouJaoude, 1997) and Scotland (Downie & Barron, 2000). 
Astley and Francis (2010) have suggested that a better understanding of the nature of science would foster a more positive relationship between attitudes to science and religion.However, addressing religious beliefs in the science classroom is a contentious issue. Aikenhead (2001) suggests that the degree of difference between a student’s own culture and the culture of school science, and the ability with which they cope with that difference, will determine how easily they can assimilate scientific knowledge. On this basis, it could be argued that ignoring relevant religious beliefs in science lessons might be detrimental to students as it closes a potential forum for exploration. Reiss (2009) urges teachers to recognise that a belief in creationism may be part of a student’s worldview rather than the result of a lack of knowledge, and that if a creationist view is aired by a student it should not be disregarded. A worldview is very difficult to change (Gauld, 2005; Reiss, 2009) which is why many educationists argue that the aim should be to improve student understanding rather than alter their opinion. 
Inter-relationship between science and religion
There are many theoretical models that have been devised to describe the inter-relationship of science and religion, of which Barbour’s classification (Barbour, 1990) is perhaps the best-known and most widely-cited of all (Reiss, 2009; Stolberg, 2009). His taxonomy consists of four categories: conflict (science and religion are in opposition, with just one of them being valid); independence (science and religion are different endeavours); dialogue (science and religion are related through similar questions and methodologies); integration (the two are assimilated to the extent that the study of nature reveals evidence of God or scientific developments can lead to the reformulation of faith beliefs). Barbour  presents the model almost as a hierarchy, making it clear that his own preferences lie with dialogue and integration. 
Stances on evolution and creation can be mapped on to Barbour’s classification system (Barbour, 1990). The conflict category incorporates the two positions that most commonly prove controversial in England - those of scriptural literalism (which rejects any explanation other than the one in the holy texts) and scientific materialism (which stresses that chance and natural selection have led to the complexity found in nature, and eliminates any role for a supernatural being). 
Theoretical framework
Many authors have used conceptual change theory to explore acceptance of evolutionary theory (Sinatra et al., 2003; Smith, 2010).  The process of conceptual change involves taking a current belief or idea and fundamentally changing or even replacing it, as outlined in the seminal text by Posner, Strike, Hewson, and Gertzog (1982). For a new concept to be accepted, the learner must perceive a problem with the existing one and be looking for a replacement. In addition, the new one must be understandable, plausible and potentially useful. 
Conceptual change theory is not without its detractors. Two related criticisms are of particular relevance to the teaching of evolution and both focus on the treatment of beliefs. Firstly, there is a risk that an over-emphasis on the cognitive aspect of learning leads to marginalisation of the affective dimension, including the impact of students’ beliefs (Sinatra et al., 2003). Perhaps an even more serious issue in the context of evolution is that all beliefs not supported by conventional Western science, including religious ones, are dismissed as misconceptions that have to be discarded (Hokayem & BouJaoude, 2008).
An alternative to conceptual change theory that is more sympathetic to the cultural background of the students focuses on facilitating border crossings from the students’ everyday world into the school environment. It has been written about extensively (Aikenhead, 2001; Donnelly, Kazempour, &Amirshokoohi, 2009; Jegede & Aikenhead, 1999). Whereas the conceptual change model is based on aligning student beliefs, understandings and worldviews with science, the border crossings framework explores how to manage any incompatibilities whilst allowing students to maintain respect for their home culture. Enabling a crossing between two cultures, those of the student’s home environment and of school science, becomes the focus and the challenge. 
Phelan, Davidson, and Cao (1991) categorise students according to how well their operating environments (school, family and peers) fit together and how well they negotiate the borders between these different worlds. Using this framework, Costa (1995) developed a typology of students based on how easily they succeed at science, which reflects the degree of difference between the home and school cultures, and how well students are able to cope with that difference. 
Aikenhead (2001) concludes that learning science is cross-cultural for most students (regardless of indigenous culture or religion) and they need help to negotiate the border crossings. Nevertheless, much of the work on cross-cultural border crossings has focused on the curricular and pedagogical implications for students from indigenous and/or non-Western communities, such as First Nations in Canada (Aikenhead, 1997), Maoris in New Zealand (Waiti & Hipkins, 2002) and contemporary traditional Japanese (Aikenhead & Ogawa, 2007). 
Many of the implications in the literature seem to be applicable to religious as well as indigenous communities because the challenge is to harmonise potentially conflicting knowledge systems – what the student brings from their home context with what they are taught in school science. 
The literature underlines the importance of the cultural and religious context in mediating student interaction with school science. It also suggests that judging students’relationship with science simply on how they behave in class and the work they produce may be misleading. This may just reflect the successful adoption of resistance tactics, such as memorising key text and staying silent in class, to avoid engaging meaningfully with school science (Aikenhead & Jegede, 1999).
This paper explores two research questions: 
What are students’ opinions about the scientific and religious explanations of the origin of life?  and 
To what extent, and how, do they accommodate any differences between their own religious or cultural beliefs about the origin of life and what they are taught in school?
Methodology
The study examined the experiences of 14-16 year olds. At this age, English students are approaching the end of their compulsory schooling but are still legally obliged to study science. Fieldwork was carried out between summer 2008 and summer 2009. It was timed so that, according to their science teachers, the students had covered explanations of the origin of life. 
The study consisted of three elements. One was a student survey, which asked respondents to describe how they thought life on earth had come into being, and also to select one of three options that described how human life may have originated. Broadly speaking, the choices of answer equated to the positions of creationism, evolution with a divine input, and evolution with no God involved. 
The second element, face-to-face discussions with students, allowed sensitive exploration of any interactions between students’ own religious or cultural beliefs about the origin of life and what they were taught in school.This was approached through investigation of what students had learnt and the pedagogical approach used, as well as their perception of the relationship between science and religion. To help them describe this relationship, they were encouraged to produce a simple diagram which they then explained (Reiss, 2008).
In the third element of the study, science teachers were interviewed about their experiences of teaching the origin of life and summarised their own views about how the relationship between science and religion should be tackled in school.
Analysis
The design and analysis of the study was underpinned by key principles of grounded theory (Corbin & Strauss, 2008). In particular, analysis was an iterative process using the constant comparative method and codes were developed sequentially (concepts evolving from descriptive to interpretive and becoming increasingly abstract).
The typologies were constructed using a process similar to that described by Kluge (2001). Initially, dimensions were developed and participants who occupied similar places on each dimension were grouped together. Relationships between the different dimensions were then scrutinised and used as the basis of creating the different grouping within the typology. The aim was that each type would include participants that were very similar to each other, whilst being totally distinct from the other types.
Sample
The research was conducted in four state schools in England, chosen to represent diverse, rather than representative, contexts: a Christian faith school (School A); a non-faith school with a catchment of mainly Muslim families (School B); and two non-faith schools where the students are not drawn from any particular faith background (Schools C and D). The student questionnaire was completed by over 200 students and students at all four schools were involved in the qualitative stage (Table 1), either in pairs (School C) or triads/small groups (Schools A, B and D). A range of abilities was represented. The data were supplemented by interviews with science teachers at the schools.
[Table 1 near here]
Findings
The responses students gave to questions about how life on earth began suggested there was a widespread lack of clarity about the distinction between the origin of life and the origin of the universe. Furthermore, big bang theory had more top of mind awareness as many students claimed to have studied it more recently than evolution. Consequently, they often mentioned the big bang rather than (or as well as) evolutionary theory when referring to scientific explanations. 
Students’ religious background had a considerable influence on how they explained the origin of life or the universe (Figure 1). The overwhelming majority of Muslims in the sample believed that God was the single causal factor in creation, whereas Christians tended towards an explanation that combined science with a divine element. As would be expected, those with no belief preferred scientific explanations. A similar pattern was evident when students were asked which of three accounts they would choose to explain the origin of human beings. Thus, most Muslims believed humans were created by God in their current form; over half the Christians thought they had developed with some intervention from God; and most of those with no faith said they had developed with no intervention from God. Students in the non-faith, mixed catchment schools (C and D) were the most likely to adhere to a science-only explanation. However, at 10%, the proportion in School D who believed that humans were created by God in their current form was greater than the proportion in School A (5%) despite the latter’s much higher percentage of Christians. Furthermore, teachers at School D took it for granted that very few if any students would hold opinions that were irreconcilable with the scientific orthodoxy. 
[Figure 1 near here]
Students varied widely with respect to how much they were prepared to engage with the inter-relationship between science and religion (as exemplified by the origin of life topic). They divided into categories depending on both the nature and amount of involvement they were prepared to have. Participants could be assigned to one of four forms of engagement: Resistors, Confused, Reconciled and Explorers.
A few participants did not engage with the topic as conceptualised by discussion of how life on earth came into being so they are not represented in the typology. For them, it was not an important question - either they thought it could not be answered, or it was simply not relevant. This stance was virtually absent in School B, where the majority of students were Muslim, but was more common in the non-faith, mixed catchment schools (C and D).
Development of the typology
Each type has been profiled according to its position on four dimensions: whether the preferred knowledge base is belief-based or fact-based; how flexible members of each type are in terms of tolerance of uncertainty; how open-minded they are prepared to be; and whether they conceptualise religion and science as being in conflict or harmony (Figure 2). The four types of engagement and the dimensions were checked and re-checked against evidence from all parts of the study.
[Figure 2 near here]
The labels at either end of the foundation of knowledge spectrum have arisen from a distinction many of the participants made during the study between ‘belief’ and ‘evidence’. ‘Belief-based’ knowledge systems privilege what is known by faith and expressed through personal experience and writings. ‘Evidence-based’ knowledge systems were described as those backed up by facts, observations and experimental evidence.
The tolerance of uncertainty ranged from those who embraced the existence of one single acceptable answer that could not be challenged to those who found this approach blinkered and frustrating because they did not expect or need resolution. In a similar vein, the open-mindedness dimension ranged from students who were inclined to accept what they were told without question or argument, to those who relished challenge and an exchange of viewpoints.
The fourth component illustrates how the bi-polarity of the dimensions is a simplification of more nuanced views for the purposes of developing a useable model. It describes participants’ perception of the nature of the relationship between science and religion. At one extreme, they were seen to be in harmony, at the other they were in opposition. Four main ways of characterising the relationship between science and religion have been collapsed to form this bi-polar dimension. 
At the harmonious end of the spectrum, some saw both domains as valid but separate bodies of knowledge which operate alongside each other without interference. This position enables students to hold their religious beliefs comfortably alongside their acceptance of science. Because they tread separate paths, the two do not come into conflict:
I think it’s like two totally different things, there’s the scientific and religion. And they can link together but they mostly don’t.	Student, School C
The other viewpoint classified as harmonious conceptualised science and religion as mutually supportive and working together, with God often perceived as being the original source or cause and science taking over:
I think life on Earth started off as very small organisms created by God. They started to evolve over time, to what is here today.	Student, School D
At the end of the spectrum that represented science and religion in competition with one another was one set of students that saw them overlapping, but perceived the relationship as troubled rather than in accord. They were aware of a number of contradictions which made it difficult to reconcile the two:
Sometimes you can think, oh but if there is a God, then this could have made evolution, but then you think that if God created a person then how would evolution create a person. But sometimes they go together.	Student, School C
The other students at this end of the spectrum perceived such a contradiction between science and religion that the two were judged incompatible. They were not involved in a struggle to accept both paradigms: their position was very emphatically that only one had any authenticity. For some this was science: 
I don’t think there’s any proof that God made the universe and the world and whatever but there’s proof with science how it formed and stuff. I just think religion is something that people believe in.	Student, School A
In other cases it was religion: 
I just believe the Christian way and that’s it, yeah. 	Student, School D
Description of the typology
The next section examines the typology in detail, using a small but representative sample of the supporting evidence for each type.
Resistors
Resistors value belief-based knowledge above fact. They consider that scientific and religious views cannot or should not be reconciled. Several of the Muslim students in School B were in this camp but, importantly, not all of them. They felt it was inappropriate and even impertinent to expect them to challenge something that was so fundamental to their lives:
[In our school] there’s only so many people who aren’t Muslims and for us to learn about something which we don’t believe in ... we follow our faith for a reason, we shouldn’t have to question. 	Student, School B
Sometimes this defensiveness tipped into resentment of an approach which encouraged them to tackle science and religion alongside each other, leading to unwelcome challenges. This was exemplified by the following exchange about having to cover scientific theories as to how the universe began:
Asma: Why do we have to know?
Zafeera: It just confuses us
Asma: Because we have religious points of view in our head and we have to look at science and it gets all muddled up.	Students, School B
Confused
The Confused fall into two categories. Some students are consciously confused and making uneasy compromises. They have spent time considering the matter but cannot reconcile their religious beliefs with the scientific evidence available:
I don’t really know what to believe because the science is telling you one thing and the [religious education]’s telling you another. I was raised up with the religious education but the science is more logical so I just kind of bottle out and pretend they’re both right.	Student, School A
Other students were confused because they had not given much thought to the issue rather than because they had a fundamental problem bringing together religious and scientific standpoints. The research forced then to consider the issue further, but gave insufficient time to think it through very logically:
I think the big bang theory’s based more on fact and religious views – yeah, to us basically [religious view is] fact because we believe it and - I think religious views are more based on faith and teachings rather than facts. 	Student, School B
The Confused are often torn between belief- and fact-based knowledge systems. They see science and religion as being in competition, and they find it difficult to be sufficiently open-minded to achieve the resolution they desire. Examples of the Confused were found across the different schools.
Reconciled
The Reconciled have come to some accommodation between their religious views and the scientific outlook allowing them to accept both:
We also debated the big bang theory ... and we felt ... in order for the big bang to have happened there must have been a superior being to have caused it.     	
	Student, School B
They tend to give precedence to belief over fact. In their worldview, science and religion are in harmony and this state has been achieved by one of two routes. Some are actively looking for resolution and are not keen to question; others have passed through the inquiring stage to reach their current state of understanding. The Reconciled will engage but on their own terms. The crucial question is: how genuine is the accommodation? Is it something they embrace or a grudging compromise? Triangulation of data from the student questionnaires and focus groups in School B shows that, whereas no survey respondent suggested life had come into being via a combination of God and science, this was a not uncommon proposition in the focus groups. One hypothesis is that students are more honest in the survey responses, where there is no intermediary, and more likely to recite a convenient compromise (that they think might be more acceptable to the researcher) in the focus groups. The implication would be that some members of the Reconciled group are really Resistors, or maybe Confused.
Explorers
Explorers enjoy the challenge of fitting together religious and scientific viewpoints, which they see as more likely to be harmonious than competitive. They are curious and willing to engage openly with the topic, as well as being flexible in their outlook. The environment in School B, where teachers were sensitive to the fact that a majority of their students saw life through the lens of the religious faith, could be conducive to encouraging an Explorer approach as this student explained: 
Cos we learn about religion and science together on a daily basis we really have the choice to decide if there’s a conflict or not.	Student, School B
They might even be willing to adjust their worldview if sufficient evidence is offered. 
The big bang theory’s made such a huge impact and people are talking about it more ... once we start learning about everything we start seeing things in a different way and it might change our perspective. 	Student, School B
By their very nature, Explorers are not wedded to an epistemology of either fact or belief, but are constantly weighing up the two forms of knowledge. Explorers could be characterised as having more highly developed critical thinking skills than most students in the other categories. They were more comfortable dealing with a lack of resolution, and more willing to question. Representatives of this group were not very common in the research. 
Discussion of engagement types
The complete model with all the engagement types mapped on it is shown in Figure 3.  It demonstrates that, for three of the four dimensions, Resistors map to one extreme of the scale, and Explorers to the other. It should be noted that the typologies are illustrative rather than definitive. Furthermore, some movement within the typology is to be expected, due to developments such as increased level of maturity and changes of perspective.
[Figure 3 near here]
The model is being presented here as an explanatory tool rather than a hierarchical one that favours one specific type over another. The exception to this is the “Confused” category, which might be regarded as less desirable, especially those who are consciously confused. These students risk feeling troubled and teacher support could help them work through and clarify their position. Slightly more controversially, it is arguable that Resistors are manifesting a rather impoverished set of meta-cognitive skills because they avoid an inquiring mindset. 
However, educators who hold the opinion that biology education should prioritise student acceptance of evolution might argue that the model is hierarchical. Their aim could be to shift students from Resistors and Confused through an exploration stage towards reconciliation with the scientific paradigm. Amongst those for whom understanding rather than acceptance is the goal, the priorities might be elucidation for the Confused and ensuring that those Resistors who adhere to a religious perspective at least recognise and appreciate the scientific one.
It is interesting to consider how positions on the Tolerance of uncertainty and the Open-mindedness dimensions fit into the current ethos of secondary science education. It is not unique to England that many science teachers shape their practice according to what they think will bring their students exam success (Millar, 2011; Collins, Reiss, & Stobart, 2010; Wellcome Trust, 2011). This “playing safe” means that certain aspects of learning and development might be emphasised at the expense of fostering a shift to the discomfort and inquiry ends of the above dimensions. As Burton (2008) notes, ‘‘If the fundamental thrust of education is ‘being correct’ rather than acquiring a thoughtful awareness of ambiguities, inconsistencies, and underlying paradoxes, it is easy to see how the brain reward systems might be molded to prefer certainty over open-mindedness’’ (p. 99). Sinatra et al. (2003) concluded that those who were more inclined to be open-minded and reflective were more accepting of human evolution (however, there was no correlation with animal evolution). In their study of Turkish pre-service biology teachers, Deniz et al. (2008) found that thinking dispositions explained more of the variance in acceptance of evolutionary theory than either students’ understanding or the educational level of their parents, although its contribution was still fairly modest. 
Costa (1995) developed a student taxonomy based on the relationship between the congruence and ease of transition between home, school and school science environments. Her model assumes that the degree of cultural continuity between home and school science, and students’ ability to negotiate any gaps, is directly relevant to their academic success in the subject. Examining the engagement typologies in a similar way can give some tentative indications about the implications for students’ performance in science. However, this should be treated with considerable caution, not least because a tiny (albeit important) part of the science curriculum (the origins of life and the universe) is being used as a proxy for the ease of student transitions into the totality of school science. 
Resistors probably find school culture as a whole alienating, and not simply aspects of science. Their preference for belief-based systems and their view of the relations between science and religion as antagonistic, combined with the desire for clear positions that are not open to doubt, suggests they would resist and perhaps resent attempts to draw them into discussion of crossover topics such as origins. 
The Confused are not actively hostile to science so may achieve satisfactorily even though they have personal backgrounds that do not always sit comfortably with the scientific orthodoxy. Up until now, they have not engaged at a sufficient level to resolve the discontinuity – either because their attempts have failed, or because they have not tried. Since they see science as being in competition with religion, the risk is that they will be discouraged from studying science at higher levels.
For Reconciled students, home and science cultures are congruent because they perceive science and religion to be in harmony, making transitions straightforward. 
Despite experiencing discord between the two cultures, Explorers relish inquiry and are at ease with outcomes that are not necessarily concrete conclusions. Their enthusiasm for the subject and lack of alienation from school generally allows them to manage the transition between home and school science, although it is not a smooth one.
Implications for policy and practice
It is possible to make recommendations for how the topic might be handled in the classroom by looking at the study from two perspectives: the literature about teaching controversial issues and work in the field of cultural studies in education.  
The study lends support to the treatment of the origin of life as a controversial topic in certain circumstances. Survey responses from students showed that it meets at least two of the criteria commonly included in the definition of a “controversial issue” (Levinson, 2006). Firstly, there are different and conflicting explanations about how the universe and life – including human life specifically – originated. Secondly, sizeable numbers hold different viewpoints about which of the available explanations is correct. It would be difficult for these students to engage in constructive debate about the evidence because they would be referencing different sources (either the scientific proof or the writings and beliefs of their religious tradition depending on their outlook). However, there are many students for whom the topic is completely uncontroversial since they consider the weight of scientific evidence to be overwhelming. 
If teachers decide to treat the topic as a controversial issue there are implications for their pedagogical approach. By adopting neutrality, they choose either to give equal support to different viewpoints (affirmative neutrality) or not lend support to any viewpoint (procedural neutrality) (Bridges, 1986). However, this is a controversial stance among educators as some argue that attempts at neutrality are in fact subject to hidden bias (Oulton, Dillon, & Grace, 2004). Instead, these authors argue that if the teachers’ stance is made transparent, students can judge their input accordingly. Student feedback in this study suggests that, by taking an overly dogmatic or defensive stance, science teachers may close down engagement. There is a danger that the positional power of the teacher attaches to their views thus reducing even further the propensity for students with alternative positions to participate. The Confused in particular might be in this bracket.
The challenge is to find a classroom strategy that enables all students to engage with the topic without risking self-censorship or estrangement. Appreciation of the typology outlined in this paper, and how the needs of different students vary, might help teachers find appropriate ways of conveying scientific knowledge and understanding without causing alienation from the subject. Some teachers may be reluctant to present the origin of life as controversial because they do not acknowledge it as contentious in a scientific sense and they are hesitant about introducing non-scientific material in the science classroom. Demonstrating the likely benefits to some of their students might make them more willing to engage with such an approach. For instance, Resistors could perceive the presentation of the topic shorn of any recognition of its controversial nature as an attempt at what Jegede and Aikenhead (1999) termed assimilation – forcing them to relinquish their home culture in order to accept the scientific orthodoxy. Being faced with a stark choice between abandoning their religious beliefs and rejecting scientific explanations is likely to further alienate them from science. 
Another way of considering pedagogy is through the lens of cultural studies. Evidence from the study suggests that the heterogeneity of student opinion surrounding the topic of the origin of life is not always apparent to teachers. Consequently, they can be unaware of silent minorities or even majorities in the science classroom who fail to express their objections to the theories they are being taught. 
Teachers might find it beneficial to adopt the role of “culture broker” (Jegede & Aikenhead, 1999) to help students constructively engage with and manage any differences they encounter between science and religion. To use Jegede and Aikenhead’s tourism metaphor, teachers can act either in the more intensive role of “tour guide” or the less directional one of “travel agent”. The level of guidance can be tailored to the engagement type. The Confused, for example, need help to reconcile different worldviews, and sensitive nurturing to allow them to move on to one of the other categories. A tour-guide teacher introduces them to key parts of the body of science and the way it operates, aiming to give them an appreciation of science rather than turning them into scientists. This approach demands a variety of pedagogical styles. Explorers are more equipped to take charge of their own conceptual development so the travel agent approach would be more appropriate. This is not radically different from the tour guide except in the amount of direction provided. Students are seen as much more capable of guiding their own learning, if sparked by appropriate resources and teaching methods to cross from their everyday world into the culture of science, and see its inter-connectedness with other sub-cultures.
For teachers to adopt the role of culture broker successfully, they need to know the workings and language of each “culture”. From the study, it was apparent that science teachers did not always have an accurate picture of the situation among their students. They could usefully adopt the interactive and dialogic approach described by Mortimer and Scott (2003), where the teacher listens to students and takes account of their opinions. Unfortunately, reports from students and some teachers suggest that a transmissive pedagogy is not uncommon in the science classroom and this risks stifling debate and reducing involvement. As a result, teachers may not be aware of students who are in a minority in terms of their beliefs about the origin of life or the universe, as with those School D students who believe that “God created life on earth, including human beings pretty much in their current form”. Crucially, it was apparent from teacher interviews that there was minimal expectation of these beliefs being held by anyone in the school. In the focus groups, students talked about their classmates self-censoring out of concern for their peers’ reaction or respect for teachers’ knowledge. This leads to the danger of hidden minorities whose needs may not be appreciated and who therefore struggle to accommodate and fail to succeed in Science lessons. In School B, on the other hand, teachers were aware of the locus of religion in student learning, but still worried that students remained silent when they disagreed about such topics. Such students were reluctant to challenge the orthodoxy of school or science despite not necessarily being in accord with it.
Teachers face a challenge in identifying the conceptual perspective or engagement type of their students and successfully connecting with them all. They need to recognise that the goal is not to convince students of which worldview is “correct” but to examine the available evidence without condemning a student’s existing worldview. This study suggests that there are a number of science teachers whose evangelising approach to their subject risks alienating some students. Initially this may cause failure to engage with and consequently understand the theory of evolution, but such a fundamental deficiency might also adversely affect a student’s ability to access other areas of science.
Conclusion
The research reveals a diversity of positions on the origin of life among self-declared Christians; a homogeneous position but a spread of attitudes to engagement among Muslims; and an unexpected, uncatered-for minority of literalists in schools with no particular faith environment. All need sensitive handling, not just those who are vocal about the issues or who are assumed to have difficulties because their religious stance is known. The engagement typology has been developed from detailed evidence of students’ views  and may help teachers contemplate the likely composition of their science class, and determining how to best tackle this and other potentially sensitive topics with them. The study indicates that many teachers underestimate the extent to which the topic of the origin of life is controversial and troubling to some students. As a result, there is a danger of inadequate supportive intervention.
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Table 1: Student sample
Base: Raw numbers
	Student survey responses	Number of pairs/groups	Number of students in pairs/groups
School A	41	6	21
School B	30	5	14
School C	na	10	20
School D	138	2	9
Total	209	23	64


Figure 1: Effect of religious belief on students’ opinions about origin of human life


Figure 2: Four dimensions characterising the engagement typology 
Dimension 1: foundation of knowledge
fact	belief
Dimension 2: tolerance of uncertainty
need resolution	accept discomfort
Dimension 3: open-mindedness
unquestioning	inquiring
Dimension 4: Nature of science/religion relationship
competitive	in harmony

Figure 3: Mapping of engagement typology
Key
Co = Confused (undecided between belief/evidence, or not considered previously)
Ex = Explorer (openly engage with topic)
Rc = Reconciled (accommodate religious beliefs and scientific evidence)
Rs = Resistors (refuse to engage with one concept, usually the scientific evidence)
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